were included. One control matched for sex and age in five year age groups was selected for each case. Use of different phone types was assessed by a questionnaire. Results: The number of participating cases was 1429; there were 1470 controls. An effect of rural living was most pronounced for digital cellular telephones. Living in rural areas yielded an odds ratio (OR) of 1.4 (95% CI 0.98 to 2.0), increasing to 3.2 (95% CI 1.2 to 8.4) with .5 year latency time for digital phones. The corresponding ORs for living in urban areas were 0.9 (95% CI 0.8 to 1.2) and 0.9 (95% CI 0.6 to 1.4), respectively. This effect was most obvious for malignant brain tumours. Conclusion: In future studies, place of residence should be considered in assessment of exposure to microwaves from cellular telephones, although the results in this study must be interpreted with caution due to low numbers in some of the calculations.
A difference in the power output level from mobile phones between urban and rural areas has recently been shown. 1 This is caused by adaptive power control (APC) in the cellular telephone and is regulated by the distance between base stations. Thus, in areas with a long distance between base stations, usually rural areas, the output power level is higher than in more densely populated areas-that is, urban areas, with a shorter distance between base stations. APC is used for the Global System for the Mobile Communication (GSM) network. When the Nordic Mobile Telephone System (NMT) started in Sweden in 1981, the highest power was used all the time by the mobile phones. With increasing numbers of users of the NMT, phones in this system were regulated by APC, but only if they were very close to the base station and then only in one step.
In previous epidemiological studies we found an association between use of cellular telephones and brain tumours. 2 3 However, for salivary gland tumours no association was found, although the parotid gland is located in an area with high exposure to microwaves from cellular telephones compared with other anatomical sites. 4 These and other results on this topic have been recently reviewed elsewhere 5 and will not be further discussed here.
In epidemiological studies assessment of microwave exposure is usually based on type of phone (NMT, GSM, and cordless), and years and cumulative number of hours of use. There is a variation in specific absorption rate (SAR) between the different types of cellular telephones. However, this information is not easily available since subjects can seldom remember the brand names of the cellular phones used over time. Moreover, information on SAR is usually not available from the manufacturers.
During cellular phone calls, radio frequency (RF) signals in the range of 400 to 2000 megaHertz (MHz) are used. In Sweden the analogue NMT system was introduced in 1981 operating at 450 MHz, often in a car with a fixed external antenna, but from 1984 the first portable analogue phones were available. The NMT 900 MHz system operated in Sweden between 1986 and 2000. The digital GSM system started in 1991 and is the most common phone since the end of the 1990s in Sweden. Moreover desktop cordless telephones have been used in Sweden since 1988. The analogue system in the 800-900 MHz RF range was initially used, but now digital cordless telephones that operate at 1900 MHz are available.
One interesting aspect with regard to exposure is the different output power from cellular telephones in urban and rural areas due to APC. In our previous study the results were based on 1429 cases (88%) and 1470 controls (91%) that answered the questionnaire. 2 In this further analysis of the material we grouped the place of residence for the cases and controls into urban and rural areas.
METHODS
The details of the study design have been published elsewhere 2 and only a brief summary is given here. The geographical study area was the middle part of Sweden, and encompassed patients aged 20-80 years who were diagnosed between 1 January 1997 and 30 June 2000. Histopathology and information on tumour localisation were obtained from the cancer registry and neuroradiology reports. One control for each case was drawn from the population register, matched for sex and age (five year age groups) and living in the same geographical area as the cases. The ethical committees approved the investigation.
Use of cellular and cordless phones was assessed by a questionnaire which also included lifetime work history. The answers were supplemented over the phone using a written protocol. Mean number of daily calls and minutes were asked for to calculate the cumulative use in hours for all years. Data were also collected on use in a car with a fixed external antenna or outside a car using a hands-free device with an earpiece, both taken as no exposure to microwaves. The ear most frequently used during cellular phone calls was noted, or whether both ears were used equally.
The Swedish population register contains information on present municipality for all residents. The municipalities are classified by Statistics Sweden in so called homogeneity regions, six categories depending on the population density, and the number of inhabitants in the nearest vicinity of the main city in that municipality. 6 According to this official homogeneity region classification, the two highest density categories (H1, H2) include only the largest cities of Sweden, Stockholm, Göteborg, and Malmö/Lund. H3 consists of municipalities with more than 90 000 inhabitants within a 30 km radius from the centre of that municipality. H4 includes municipalities with more than 27 000, but less than 90 000 inhabitants from the centre of that municipality and also more than 300 000 inhabitants within a 100 km radius from the same centre. H5 is identical to H4 except that there are less than 300 000 inhabitants from the centre of the municipality. Finally, H6 consists of municipalities with less than 27 000 inhabitants within a radius of 30 km from the centre. Thus, we used these official statistics for grouping of the subjects in urban or rural areas.
Unconditional logistic regression analysis was used to calculate odds ratios (OR) and 95% confidence intervals (CI) (Stata/SE 8.2 for Windows; StataCorp, College Station, TX). The material was divided into two groups, exposed and unexposed. The exposed cases and controls were further divided according to phone type: analogue, digital, and cordless. The unexposed group consisted of cases and controls without exposure to cellular or cordless telephones. Adjustment was made for sex, age, and socioeconomic index (SEI) code. In the analysis of dose-response effect the material was divided in two groups with median number of hours among controls as cut-off. Latency (tumour induction
Policy implications
N In future studies, place of residence should be considered in assessment of exposure to microwaves from cellular telephones. Unconditional logistic regression analysis was used, adjusted for age, sex, and socioeconomic index. Dose-response calculation was made with median number of hours for controls as cut-off. Numbers of exposed cases (Ca) and controls (Co) are given.
Main messages
N Adaptive power control regulates the output power level from cellular telephones, mainly the digital system, with the highest level in areas with a long distance between base stations.
N There was a higher risk for brain tumours in users of digital cellular telephones in rural areas than in urban areas.
period) was analysed using three time periods, .1 year, .5 years, and .10 years since first use of a cellular or cordless telephone until tumour diagnosis. H1-H3 were classified as urban (n = 984 cases, 1035 controls) and H4-H6 as rural areas (n = 445 cases, n = 435 controls).
RESULTS
No significant difference existed for cumulative use in hours for cordless or cellular telephones depending on urban or rural area for the cases. If anything, cases in rural areas tended to have shorter cumulative use than cases living in urban areas.
In table 1 results for brain tumours and use of cellular or cordless phones are given for the different geographical areas (urban and rural) as well as overall results. The unexposed group consisted of 713 cases and 757 controls. For analogue phones an increased OR was found in both urban and rural areas. ORs were somewhat higher in rural areas when latency period was considered. For ipsilateral use of analogue phones with .1 year latency period, ORs were 1.7 (95% CI 1.1 to 2.5) for living in urban areas, and 1.6 (95% CI 0.9 to 2.8) for living in rural areas (data not shown). Regarding digital phones, OR was increased in rural areas, whereas OR for subjects living in urban areas was close to unity. With .5 year latency period, OR was significantly increased in rural areas (OR = 3.2, 95% CI 1.2 to 8.4). With .5 years latency period and .55 hours of cumulative use, OR was calculated to be 1.1 (95% CI 0.7 to 1.9) in urban areas compared with 4.2 (95% CI 1.1 to 16) in rural areas. For ipsilateral use of digital phones with .1 year latency period, ORs were 1.2 (95% CI 0.9 to 1.7) for living in urban areas, and 1.7 (95% CI 0.99 to 2.8) for living in rural areas (data not shown). For cordless telephones ORs were higher in rural areas than in urban areas, except for .10 year latency period, based on low numbers. Table 2 gives the results for malignant brain tumour cases with corresponding controls. No effect of place of residence was found for analogue or cordless phones. Regarding digital phones, the risk was highest in rural areas using latency period .5 years (OR = 8.4, 95% CI 1.02 to 69), but based on low numbers. In a separate analysis of cases with astrocytoma (n = 415), OR was somewhat higher for urban living than for rural for use of analogue cellular telephones or cordless phones. For use of digital phones with .1 year latency period, results were: OR = 1.4 (95% CI 0.96 to 2.2) for urban living, and OR = 1.2 (95% CI 0.6 to 2.4) for rural living. The results for .5 year latency period were: OR = 1.8 (95% CI 0.9 to 3.5) (26 cases, 19 controls) and OR = 6.6 (95% CI 0.8 to 56) (8 cases, 1 control) for urban and rural living, respectively (data not shown). Unconditional logistic regression analysis was used, adjusted for age, sex, and socioeconomic index. Numbers of exposed cases (Ca) and controls (Co) are given. Note that controls with missing cases were not included. Table 3 shows results for benign brain tumours only. For all phone types ORs were highest in rural areas, although some of the calculations were based on low numbers. As has been shown previously, the increased risk was found for acoustic neuroma but not for meningioma. Table 4 gives results for use of either analogue, digital, or cordless telephones. Thus, subjects who had used more than one phone type were not included. Analogue phones yielded significantly increased ORs for .5 year and .10 year latency period, respectively. There was no effect of urban versus rural residence. However, the results were based on rather low numbers, especially in the category with .10 year latency period. Regarding digital phones OR was highest in rural areas, but based on low numbers. Thus, for .5 year latency period OR was calculated in rural areas to be 6.9 (95% CI 1.5 to 32). However, for cordless phones there was also a tendency for higher ORs in rural areas in the group with .5 year latency period.
DISCUSSION
In a study on acoustic neuroma the risk estimate was higher in urban areas compared with rural areas. 7 However, the results were based on low numbers and have been criticised for inclusion of cases not in agreement with the Swedish Cancer Registry, different geographical areas for cases and controls, and inconsistent numbers in tables. 8 Our study is the first with a substantial number of cases and controls where the place of residence for cases and controls has been considered in the analysis of an association between use of cellular telephones and the risk for brain tumours. The Swedish population register covers the whole population. The municipality for each person is registered. We used that information in combination with the classification of the municipalities in homogeneity regions by Statistics Sweden. Of course this study would benefit from more categories of homogeneity instead of only two summary groups. However, few subjects (95 cases, 111 controls) lived in the most sparsely populated areas, H5 and H6, making statistical analysis less meaningful in that group.
Interestingly, we found a somewhat higher risk for brain tumours for cases living in rural areas than in urban areas for use of NMT phones. ORs were also increased among urban inhabitants. This was not explained by socioeconomic factors since the results were adjusted for SEI code. However, when we analysed use of analogue phones only, ORs were highest in urban areas. Thus, no clear effect of place of residence was seen for analogue phones. This may be explained by the fact that APC was not initially used for this phone system. 1 We have no information when APC was introduced, if at all, for analogue phones during our study period.
For use of GSM phones we found a clear effect of urban versus rural areas. In fact, we only found an increased risk for rural living and this could not be explained by longer phone calls among these cases. Dose-response calculations seemed to further support the result. Analysis of digital phones as the only used phone type showed a similar pattern, with highest ORs among rural inhabitants. These results may be of importance in future studies of brain tumour risk for digital phones. Thus our results, if confirmed in other studies, indicate that the risk of microwave exposure from digital phones is lower in areas with a short distance to base stations due to APC.
When we analysed malignant brain tumours separately, ORs were found to be highest in rural areas for digital phones using .5 year latency period. These results were based on low numbers, only one control, and must thus be interpreted with caution. Of interest, however, is the fact that no clear pattern was found for analogue or cordless phones. Regarding benign tumours, ORs were highest in rural areas regardless of phone type. Since these results were mainly based on the increased risk for acoustic neuroma, one possibility is that a confounding factor associated with place of living may exist, although this is as yet unknown.
Clearly our results support the notion that exposure may differ between geographical areas. However, these results refer to Sweden and there is no information on the exact difference between different geographical areas. Furthermore, the published results only refer to the GSM network. 1 Our findings indicate that in future studies place of residence should be considered in assessment of exposure to microwaves from cellular telephones, although the results of this study must be interpreted with caution due to the low numbers in some of the calculations. From a precautionary perspective, users of cellular telephones should select phones with low SAR, since differences in SAR between phone types may be larger than output power levels depending on whether the users live in urban or rural areas. 
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